Propionic acid (PA) is a fungicide and bactericide, registered to control fungi and bacteria in stored grains, hay, grain storage areas, poultry litter, and drinking water for livestock and poultry. European Union (EU) certifies PA as the great of grain preserver and most efficient in controlling Salmonella and other pathogens. Recently it is used as feed additive in poultry and non-ruminant production. Suitable inclusion level of PA is 0.2 to 0.4% which can improve the overall performances of poultry. The preservative effect of PA is due to its antibacterial and mould inhibitory effect. High bacteriostatic property of PA is due to its pH reduction activity both in feed and gastrointestinal tract through pharmacogenic action on microflora. Propionic acidA with its growth promoting, health enhancing and antimicrobial effect has proven to be an effective alternative to antibiotic growth promoters in food animal production.
unpleasant odor. It is produced biologically as its coenzyme-A ester, propionyl-CoA and from the bacteria (Propionibacterium sp.) as the end product of their anaerobic metabolism.
Uses of propionic acid
Propionic acid inhibits the growth of mold and some bacteria. As a result, most PA produced is used as a preservative for both animal feed and food for human consumption and the most effective use of it as growth promoter and feed additive in food animals especially poultry and pig. For animal feed, it is used either directly or as its ammonium salt. Uses of antibiotics have a great threat as it create microbial resistance after long-term use which create a serious health problem. Antimicrobial feed additives such as PA is effective to antibiotic growth promoters for safe animal products as well as human health. Propionic acid is also useful as a chemical intermediate. It can be used to modify synthetic cellulose fibers. It is also used to make pesticides and pharmaceuticals. The esters of PA are sometimes used as solvents or artificial flavorings (http://en.wikipedia.org/wiki/propionic_acid). Effect of PA on productive parameters of avian species Growth The mechanism of growth promotion of PA is seems to be the reduction of pathogenic burden by reducing gut pH, increasing digestibility, improving the permeability of the intestinal mucosa and thus increase the rate of absorption and also increase the utilization of protein, amino acids, minerals and other nutrients. Additions of Luprosil ® NC (containing 53.5% PA) @ 0.4% showed significant body weight gain of broiler chicken at 49 days of age compared to unsupplemented group (Izat et al., 1990 ). An experiment with organic acid salt (1g/kg each of calcium propionate, ammonium formate and calcium lactate) as substitute for antibiotics (virginiamycin @ 0.5 g/kg as antibiotic) showed numerically higher live weight and live weight gain in organic acid salt supplemented group compared to antibiotic supplemented group (Paul et. al., 2007) . Marcos et al. (2004) reported that broiler fed organic acid mixture (70% formic acid and 30% PA) @ 0.25 and 0.50% with diet showed higher gain compared to birds fed higher level (1.0 and 2.0%) organic acid mixture. Significant improvement in body weight and weight gain of turkey poult by supplementing MC (Myco curb containing PA) @ 0.625 and 1.25% was reported by Roy et al., (2002) .
Physical and chemical properties of propionic acid

Feed intake and feed conversion
As feed preservatives PA reduces the pH of feed, it improves the hygienic condition of feed and improves palatability which ultimately increases feed intake but higher level also reduces feed intake. Cave (1984) reported that when PA was included in the feed up to levels of 100 g/kg, from 0 to 28 days, voluntary feed intake of broiler chicks was decreased with increasing dietary levels of acid. Organic acid salt (calcium propionate, ammonium formate and calcium lactate @ 1g/kg) as an alternative to antibiotic (virginiamycin @ 0.5 g/kg) showed that the cumulative feed intake in broiler was significantly higher in antibiotic treated group than other, whereas improved feed conversion ratio (FCR) was found in organic acid salt supplemented group (Paul et. al. 2007) . In a study, Celik et al. (2003) observed better FCR of turkey chicks supplemented with organic acids (propionic caid, formic acid, acetic acid) as compared to unsupplemented group. Propionic acid increases feed intake by improving palatability of feed and may increase permeability of mucosal cell of the intestine which increases the rate of utilization of nutrients and results better feed conversion.
Carcass yield
It is well established that PA used as growth promoter improve the rate of utilization of al nutrient especially protein which results better dressing percentage. Female broilers fed 7.3 kg/ton (0.8%) of Luprosil® NC (53.5 % PA) resulted in a significant improvement in carcass dressing percentage (Izat et. al., 1990) . Significant effect on carcass yield of broiler chicken fed diet supplemented with PA was reported by Hume et al. (1993) .
Antibacterial effect of propionic acid
The antimicrobial activity of PA is related to the reduction of pH, as well as its ability to dissociate because it is lipid soluble in the undissociated form, in which it is able to enter the microbial cell. The pH level in specific areas of the gastro intestinal tract (GIT) is a factor which establishes a specific microbial population, and also affects the digestibility and absorptive value of most nutrients. Most of the pathogens grow in a pH close to 7 or slightly higher. In contrast, beneficial microorganisms live in an acidic pH (5.8-6.2) and compete with pathogens (Ferd, 1974) . In addition, lowering the pH by organic acids reduce the pathogenic microbes from GIT and improves nutrient absorption (Boling et al., 2001) .
Lower pH values of crop and gizzard contents were found in broiler fed acidifier FA 30 (PA+CA) with diet compared to control group (Andrys et al. 2003) . It has been reported that the inclusion of formic and PA in the form of Bio-add TM to the feed of hens made no difference to the pH of the intestinal tract, but resulted in higher concentrations of these acids in the contents of the crop and gizzard. Effectiveness of MC (Myco curb containing PA) against various bacteria and fungi was reported by several scientists (Kemin Industries, 1988 and 1993 and Hume et al., 1993 .
Propionic acid effectively inhibits the growth of E. coli bacteria in the animal's gastrointestinal tract. At the same time it does not inhibit the growth of Lactobacillus bacteria. Previous research by Mathew et al. (1991) found that when Luprosil NC was fed to growing pigs, the population of gastrointestinal E. coli bacteria decreased, Lactobacillus bacteria increased. The pH of digesta decreased, due to the shift in microbial fermentation from the modified bacterial population.
Addition of PA in feed has a potential role in reducing Salmonella spp. in the chicken intestine. Kwon et al. (2003) reported buffered propionic acid (BPA) markedly decrease the growth of Salmonella and other intestinal anaerobic microbes by decreasing P H from 7 to 5 and maximum inhibitory effect was found at 3% level of BPA in broiler. The results of this study indicated that the growth inhibitory effect of PA against S. typhimurium strains was enhanced by a decrease in pH and suppressed by anaerobiosis, suggesting that the growth response of S. typhimurium to PA in the chicken intestine might be affected by the environmental conditions such as pH and anaerobiosis. The minimum inhibiting concentration (MIC) of PA is well researched and publicized (Table 1) . Propionic acid as mould inhibitor and preservatives Fungal inhabitations in feedstuffs during storage seem to be inevitable without the presence of effective preservative(s) if the humidity is over 16% with atmospheric temperature higher than 20 0 C (Ronald, 1996) . The fungal growth on feed can decrease substantially its quality as the moulds thriving there in consuming majority of fat, protein, carbohydrate and even mineral elements, leading subsequently to stuff discolorations, heating, mustiness and biochemical transformations yield the accumulation of toxic substances in most cases. The presence of growing moulds and produced mycotoxins in feedstuff decreases feed intake, efficiency and rate of feed, while increasing the risk of infection and reproduction disability (Lin and Chen, 1995) . The fungal toxins such as aflatoxins, zearalenone, ochratoxin and fumonisin, among those aflatoxins are dominant (Hamilton, 1985 and Zou et al., 1997) . The strategy for the control of mould growth, suitable for feed industry, is the careful application of antifungal preservative(s) (Holmquist et al. 1983 and Hamilton, 1985) . An ideal feed preservative must be efficacious, inexpensive, corrosion-free and safe to the animal (Holmquist et al. 1983 and Lin and Chen, 1995) . However, the preservatives available today are mainly synthetic chemicals such as propionate as well as acetic, sorbic and formic acids (Goering and Gordon, 1974 and Bartov, 1983) .
Propionic acid has been proven to show the broadest efficacy among all organic acids against fungi and yeasts (Table 2 and 3) . Therefore the most efficient way to keep compound feed at a high hygienic status is the use of PA. The most eco-efficient feed grain preservation method is the treatment with Luprosil (53.5% PA). Bacteria and yeast contamination in compound feed have a negative impact on the intestinal flora, resulting in nutrient losses and negatively influencing the feed intake of animals. High microbial counts in feedstuffs not only result in a reduced nutrient value, but they also have a negative impact on palatability, which consequently results in a reduced feed intake and performance. To avoid these problems animal feed products have to be free of mold and have a long storage life. For this PA is an ideal animal feed preservative. 
Safety of propionic acid
The chief danger from propionic acid is chemical burns that can result from contact with the concentrated liquid. In studies on laboratory animals, the only adverse health effect associated with long-term exposure to small amounts of PA has been ulceration of the esophagus and stomach from consuming a corrosive substance. No toxic, mutagenic, carcinogenic, or reproductive effects have ever been observed. In the body, PA is readily metabolized, so it does not bioaccumulate (http://en.wikipedia.org/wiki/ propionic_acid). 
Conclusion
As an antimicrobial feed additive, PA is efficient than that of other organic acids. It creates favorable response on performance and overall health condition of avian species. It is also popular as preservatives. Furthermore, like antibiotic growth promoter it has no risk of microbial resistance. Therefore PA with its performance and health enhancing properties is an effective alternative to feed antibiotics in food animal production.
